ABSTRACT
INTRODUCTION
Nucleic acids are essential materials found in all organisms. They perform a variety of cru in organisms. Their main function is to maintain and transmit the genetic code. This information is stored in the form of long polymer chains. information they carry is one-dimensio essential to understand the 3D structure of nucleic acids. This 3D structure dictates their organization, functions and interactions with proteins. nucleic acids are deoxyribonucleic acid ribonucleic acid (RNA).The main difference between DNA and RNA is the sugar present in the molecules. While the sugar present in a RNA molecule is ribose, the sugar present in a molecule of DNA is deoxyribose. Deoxyribose is the same as ribose, except that the former has one more OH. have significantly different structures, we can describe Nucleic acids are essential materials found in all living They perform a variety of crucial functions Their main function is to maintain and This information is stored in the form of long polymer chains. Although the dimensional, it is essential to understand the 3D structure of nucleic acids. This 3D structure dictates their organization, interactions with proteins. The two deoxyribonucleic acid (DNA) and difference between DNA and RNA is the sugar present in the molecules. While the sugar present in a RNA molecule is ribose, the sugar present in a molecule of DNA is Deoxyribose is the same as ribose, except that the former has one more OH. While they have significantly different structures, we can describe both DNA and RNA as polynucleotides 1999).
Each nucleotide contains a phosphate group, a sugar group and a nitrogen base. The group that gives each nucleic acid unit its specificity is the organic nucleotide bases found in nuclei acids are related either to the purine ring system or to the pyrimidine ring system. In DNA, we find principally four different bases: Adenine (A), Guanine (G), Cytosine(C) and (T).The first two are derived from purine whereas the remaining two are derived from pyrimidine. we find principally four different bases: adenine guanine and cytosine as in DNA. The fourth base in RNA, however, is not thymine but instead the pyrimidine-derived base, Uracil (U) polynucleotides (Neuman, Each nucleotide contains a phosphate group, a sugar group that gives each organic base. The nucleotide bases found in nuclei acids are related either to the purine ring system or to the pyrimidine we find principally four different bases:
Cytosine(C) and Thymine (T).The first two are derived from purine whereas the remaining two are derived from pyrimidine. In RNA bases: adenine, The fourth base in is not thymine but instead the (U Similar to the way the order of letters in the alphabet can be used to form a word, the order of nitrogen bases in a DNA sequence forms genes, which in the language of the cell, tells how to make proteins. Hydrogen bonds that hold together the two strands of nucleotides in DNA have been the main scope of many experimental and theoretical investigations for three decades. The importance of this molecular interaction is due to its role in DNA replication and complementarity of nucleic acid bases which is the cornerstone of the genetic code (Espejo and Gonzalez, 2007) . Hydrogen bonded and stacked nucleic acid basesadenine (A), thymine (T), guanine (G) and cytosine (C) -play a pivotal role in the structure and function of DNA. They influence the formation of the secondary structure of biopolymers, the interaction with drugs and proteins, the conformational dynamics and polymorphism of DNA (Neidle, 1994) . Bases in a DNA molecule are involved mainly in two types of interactions. The first one includes the formation of the Watson-Crick base pairs due to hydrogen bonding between adenine and thymine (A-T pair) and guanine and cytosine (G-C pair). These dimers are mainly stabilized by electrostatic interactions. The second type of interactions is represented by stacking between neighboring bases along the vertical axis of a double-stranded biopolymer. The stacking interactions mainly originate from dispersion interactions between two parallel bases. Overall H-bonded pairs of nucleic acid bases are more favored on the potential energy surface than stacked pairs, but both interactions are of equal importance in nucleic acids. The structure of hydrogen bonded and stacked dimers of nucleic acid bases were extensively investigated using different methods. The different nature of stabilization forces in these two types of dimers cause different approaches to their theoretical investigation. The electrostatic origin of the hydrogen bonds allows to study H-bonded complexes of bases with a wide range of quantum chemical and force field methods (Hobza et. al, 1997) , and , therefore, these calculations were easily extended from base pairs to trimers, tetramers, etc. , studying effects of cooperativity of interactions, different ways of hydrogen bonding, non-planarity of base pairs, etc. The significant contribution of dispersion forces into stacking interactions is a considerable challenge for computational methods, since a correct description of dispersion requires an adequate inclusion of electron correlation and an application of extended basis sets.
The computationally least expensive ab initio method covering electron correlation is second order MollerPlesset perturbation theory (MP2), which can be applied to molecular systems of the size of DNA base pairs. However, for a quantitative accurate description higher level treatment of correlation in combination with large basis sets is required, which limits these calculations to system sizes containing few atoms. Fortunately, the effects of higher level treatment of correlation and increasing basis sets have opposite effect on the stabilization energies. Exploiting this error compensation, a cheaper computational model utilizing MP2 and the 6-31G basis set has been proposed for the study of base pair stacking, providing an accurate and reliable description of dispersion interactions. However, MP2 calculations are considerably more time and resource consuming as compared to HF and DFT methods. This limits the applicability of this method for systems larger than dimers of bases. Empirical force field methods are widely used for the simulation of the structure and dynamics of large fragments of DNA and it has been demonstrated, that several force fields describe hydrogen bonding and stacking interactions between bases very accurately (Hobza et. al, 1997) . However, force fields do not cover the polarization of DNA bases due to interaction with each other. They also failed to reproduce some structural effects like pyramidalization of the amino group, conformational flexibility of the pyrimidine rings in DNA bases, etc. (Shishkin et. al,2008) .However, the application of MP2 calculations for the investigation of the geometry of stacked dimers and especially of larger stacked complexes is limited because of their high computation costs (Hobza et. al, 1997) .
A quantum chemical method for the calculation of large molecules has been developed on the basis of an approximation to density functional theory. This method can be described as a general extension of tight-binding methods to charge self-consistency. All parameters of this model are calculated from DFT, and the method is, therefore, called a self-consistent charge, density functional tight binding method (SCC-DFTB). Application of this method to various organic molecules, polypeptides, H-bonded complexes and DNA bases (Shishkin et. al, 2008) 
THEORETICAL BACKGROUND Density Functional Theory (DFT)
The density functional theory is a computational quantum mechanical modeling method used in Physics, Chemistry and Material science to investigate the electronic structure (principally the ground state) of many-body systems , in particular atoms, molecules and the condensed phases. It is presently the most successful (and also the most promising) approach to compute the electronic structure of matter. Its applicability ranges from atoms, molecules and solids to nuclei and quantum and classical fluids. DFT predicts a great variety of molecular properties: molecular structures, vibrational frequencies, atomization energies, ionization energies, electric and magnetic properties, reaction paths etc. Beyond Hartree-Fock approximation, the great advantage of density functional theory stems from the inference of correlation effects. More exactly, the density functional approach is based on a strategy of modelling the electron correlation via general functionals of the electron density. Following the work by Kohn and Sham, the approximate functionals employed by current DFT methods separate the electronic energy into several terms (Robert et. al, 2002) .
where E T is the kinetic energy term, E V includes terms describing the potential energy of the nuclear-electron attraction and of the repulsion between pairs of nuclei, E J is the electron-electron repulsion term, and E XC is the exchange-correlation term and includes the remaining part of the electron-electron interactions.
The energy sum + + corresponds to the classical energy of the charge distribution ρ. The exchange-correlation term accounts for the exchange energy arising from the antisymmetry of the quantum wavefunctions and for the dynamic correlation in the motions of individual electrons. Hohenberg and Kohn demonstrated that is entirely determined by the electron density:
(2) where ρ , ρ are referring to the corresponding α, β spin densities. is usually divided into components, referred to as the exchange and correlation parts, but actually corresponding to the same-spin and mixed-spin interactions, respectively:
HOMO-LUMO Energy Gap: Molecular orbital (MO) is a mathematical function describing the wave-like behavior of an electron in a molecule. This function can be used to calculate chemical and physical properties such as the probability of finding an electron in any specific region. HOMO and LUMO are acronyms for highest occupied molecular orbital and lowest unoccupied molecular orbital respectively. The difference between HOMO and LUMO is termed the HOMO-LUMO gap. HOMO and LUMO are sometimes referred to as Frontier orbitals. The energy of the HOMO-LUMO gap can tell us about what wavelengths a compound can absorb. In fact, it is quite common to extract trends in molecular behavior based on simple MO properties. For example, molecules with large HOMO-LUMO gaps are generally stable and unreactive; while those with small gaps are generally reactive (Gang and Charles, 2007) .
HOMO-LUMO gap=E LUMO -E HOMO (4)

Dipole Moment and Polarizability
The charge redistribution that occurs when a particle is exposed to an electric field is characterized by a set of constants called polarizabilities. The new charge distribution can be written in terms of electric multipole moments. The lowest-order moment of a neutral particle is a dipole moment µ. In a uniform electric field, E the dipole moment of the particle is conveniently written as µ = µ + α E + βE 2 + γE 3 +
The term µ represents the permanent dipole moment. The polarizability α is a second-rank Cartesian tensor that characterizes the lowest-order induced dipole moment in a species. The hyperpolarizabilities β and γ represent third-and fourth-rank Cartesian tensors. For calculating the total dipole moment the mathematical expression is defined as:
Polarizabilities are helpful in determining the electronic structure of atoms, molecules, and clusters (Keith and Vitaly, 1997) .
METHODOLOGY
This work employed computational methods to carry out all the computations. The molecular structures of Guanine, Cytosine, Adenine and Thymine bases were obtained from Ligand expo database. Ligand expo (formerly Ligand Depot) is an online database which provides chemical and structural information about small molecules (so-called ligands) within the structure entries of the Protein Data Bank (PDB).Tools were provided to search the PDB dictionary for chemical components to identify structure entries containing particular small molecules and the 3D structures of the small molecule components were downloaded from the PDB entry (Feng et. al, 2004 ).
All calculations were performed using Windows Version Gaussian 03 Package. The molecular structures of Adenine, Cytosine, Guanine and Thymine were optimized using RHF, DFT and MP2 methods with the Gaussian 03 package program. Different basis sets such as 3-21G3-21+G, 6-31G and 6-31+G were used. The Gaussian program took information from the starting geometry and then evaluated a new geometry that is closer to a minimum in the potential energy surface than the previous geometry. The information used includes the energy, the first derivative of the energy with respect to changes in the position of the atoms. This process was repeated until the maximum number of steps was reached or the calculation was satisfied that it is close enough to a minimum. When the program was satisfied that a minimum was found, then the geometry was said to be converged i.e. a stable end point is reached. Geometric parameters such as the optimized bond lengths and bond angles were obtained. The vibrational runs used the optimized structure of the molecule. Some thermodynamics properties of each of the molecules such as enthalpy, heat capacity, entropy and zero point vibration energy were obtained from the vibrational runs. It involved the calculation of the Hessian matrix. HOMO and LUMO energies of Adenine, Cytosine, Guanine and Thymine were calculated by RHF, DFT and MP2 methods with the corresponding basis sets. The HOMO-LUMO energy gaps of each of the molecules for all the methods used were calculated using the difference between the HOMO-LUMO energy as shown in equation (2.4).
RESULTS AND DISCUSSION THERMODYNAMIC PROPERTIES OF THE NUCLEOBASES
Some of the thermodynamic properties of adenine, cytosine, guanine and thymine calculated in this work includes enthalpies, heat capacities, entropies and zero point vibration energies. The properties as shown in Tables 1 to 4 were calculated at different levels of theory (RHF,DFT and MP2).The basis sets used at each level of theory are 3-21G, 3-21+G and 6-31G. Enthalpy It can be seen from Tables 1 to 4 , 2014) . The values of Homo-lumo energy gaps of Adenine at various levels of theory are listed in Table 5 .The energy gaps were found as 11.6769eV at RHF/3-21G, 5.3488eV at B3LYP/3-21G, 3.4736eV at LSDA/3-21G and 11.6778eV at MP2/3-21G) for Adenine molecule. An observation of the other basis sets at various levels of theory shows that there is a very strong agreement between the values obtained by RHF and MP2 methods. It is also interesting to note that there is a strong agreement between experimental value and the value obtained at LSDA/3-21+G. The values of Homo-lumo energy gaps of Cytosine at various levels of theory are listed in Table 6 .The energy gaps were found as 10.4592eV at RHF/3-21+G, 4.8467eV at B3LYP/3-21+G, 3.3580eV at LSDA/3-21+G and 10.4576eV at MP2/3-21+G for cytosine molecule. An observation of the other basis sets at various levels of theory shows there is a very strong agreement between the values obtained by RHF and MP2 methods. However, the closest value to the experimental data is the value at LSDA/3-21G. The values of Homo-lumo energy gap of Guanine at various levels of theory are listed in Table 7 .The energy gaps were found as 11.4930eV at RHF/6-31G, 5.2824eV at B3LYP/6-31G, 3.8064eV at LSDA/6-31G and 11.4933eV at MP2/6-31G for guanine molecule. An observation of the other basis sets at various levels of theory shows there is a very strong agreement between the values obtained by RHF and MP2 methods. It is highly interesting to note that the experimental value, 3.85eV is very close to the calculated value at LSDA/3-21G which is 3.8641eV. The values of Homo-lumo energy gaps of Thymine at various levels of theory are listed in Table 8 .The energy gaps were found as 11.3193eV at RHF/6-31+G, 5.3615eV at B3LYP/6-31+G, 3.72864eV at LSDA/6-31+G and 11.3290eV at MP2/6-31+G for thymine molecule. An observation of the other basis sets at various levels of theory shows there is a very strong agreement between the values obtained by RHF and MP2 methods. The experimental value is approximately equal to the value obtained at LSDA/6-31G. 
Dipole Moments Of Adenine
It is interesting to note from Table 9 that there is an excellent agreement between the values of dipole moments obtained at each level of theory for adenine. There is also a good agreement between the calculated values and the experimental data values especially at the B3LYP/3-21G and LSDA/3-21G levels of theory with dipole moments of 2.5948D and 2.5508D respectively. 
Dipole Moments Of Guanine
In the case of guanine it can be seen from Table 11 that there is an excellent agreement between the values of dipole moment obtained at each level of theory. There is also a good agreement between the calculated values and the experimental data values especially at the B3LYP/6-31G and LSDA/6-31G levels of theory with dipole moments of 7.2120D and 7.2280D respectively. 
Dipole Moments Of Thymine
In the case of thymine it can be seen from Table 12 that there is an excellent agreement between the values of dipole moment obtained at each level of theory. There is also a good agreement between the calculated values and the experimental data especially at the B3LYP/6-31G and LSDA/6-31+G levels of theory with dipole moments of 3.9730D and 4.2366D respectively. 
POLARIZABILITY
Polarizability is the ability of a molecule to be polarized. Polarizabilities determine the dynamical response of a bound system to external fields and provide insight into a molecule's internal structure. It can be defined as the ratio of induced dipole moment of an atom to the electric field that produces this dipole moment. Polarizability, α, tells us how easy is to disturb charge distribution, like the electron cloud of an atom or molecule, from its normal shape by an external electric field. In general, larger molecules are more easily polarizable than smaller ones. Polarizability has the S.I. units of Cm 2 V -1 . In this work the mean polarizabilities of the molecules were calculated from the polarizability components as ‹α›= α + α + α (7) The polarizability was calculated using RHF, DFT and MP2 methods with 3-21G basis set. The mean polarizabilities of each of the molecules are listed in Tables 13-16 respectively. It can be seen from the Tables that there is a strong agreement between the values of the polarizabilities at all levels of theory. Also, in each of the molecules the value of polarizability increases from the lowest value at RHF to the highest value at DFT/LSDA. For example, the lowest value of polarizability of adenine molecule which is 67.040 a.u. was obtained at RHF/3-21G and the highest value, 73.920 a.u. was at the LSDA/3-21G. A similar trend is observed in the case of thymine molecule. The lowest value of polarizability of thymine molecule which is 57.125 a.u. was obtained at RHF/3-21G and the highest value, 62.154 a.u. was at the LSDA/3-21G. It is interesting to note that guanine, the largest of the four molecules has the highest polarizability at all levels of theory while cytosine, the smallest has the lowest values. This is in conformity with the fact that larger molecules are more easily polarizable than smaller ones.
MULLIKEN ATOMIC CHARGES
The Mulliken atomic charge in any molecule is directly related to their vibrational properties and quantifies how the electronic structure changes under atomic displacement. Therefore, it is directly related to the chemical bonds present in the molecule. It affects many parameters of the molecule such as its dipole moment, polarizability, electronic structure and more properties of molecular system (Ramalingam et al, 2012) . The total atomic charges of adenine, cytosine, guanine and thymine obtained by Mulliken population analysis with RHF/ 6-31+G, DFT (B3LYP and LSDA)6-31+G and MP2/6-31+G methods are listed in Tables  17-20 respectively. Table 18 that all the hydrogen atoms in cytosine have positive charges, while negative charges are noticed for the nitrogen atoms at all levels of theory. The charges on oxygen atoms at all levels of theory are negative.
Obviously, the charge on H10 atom is bigger than those on other hydrogen atoms at all levels. The charges on H10 atom are bigger than those on all other hydrogen atoms. They are 0.487257 at RHF and MP2 levels while they are 0.410353 at B3LYP and 0.417490 at LSDA. The lower charges on N1 atom may suggest intramolecular attraction between H10 atom and N1 atom. From the data it is clear that all the hydrogen atoms act as charge donors. It is observed from Table 20 that the charge distribution depends on the computational method. For example, the charge of O5 atom is -0.596532 for RHF and MP2 levels, -0.475277 for B3LYP level and -0.424197 for LSDA level. It is also interesting to note from Table 20 , that all the hydrogen atoms in thymine have positive charges, while negative charges are noticed for the nitrogen and oxygen atoms at all levels of theory. Obviously, the charge on H11 atom is bigger than those on other hydrogen atoms at all levels. It is 0.487257 at RHF and MP2 levels while it is 0.442086 at B3LYP and 0.444978 at LSDA. The charges on C2, C7 and C9 are all positive while the charge on C3 and C10 are all negative at all levels of theory.
CONCLUSION
Thermodynamic parameters, HOMO-LUMO energy gaps, dipole moments and polarizability of each of the molecules were calculated at RHF, MP2and DFT(B3LYP and LSDA) levels of theory utilizing 3-21G,3-21+G,6-31G AND 6-31+G basis sets. Some thermodynamic properties of the molecules were computed and reported. The results agreed with the different levels of theory and basis sets used. A reasonable agreement was observed between the calculated homo-lumo energy gaps of the molecules and the experimental values. The Mullikan atomic charges, polarizabilities and dipole moments of the molecules are also reported. Polarizability shows how easy it is to form a dipole moment. This fact has been confirmed by the result obtained in this work. Guanine which has the highest polarizability also has the highest dipole moment. The observed spectra are in very good agreement for RHF, MP2 and DFT methods. In general, the calculations obtained at the DFT level gave a better agreement with the experimental values. The entire work was performed in gas phase. It is recommended that this work should be carried out in any suitable solvent in order to give further insight into the nature and properties of these molecules.
RECOMMENDATIONS
The authors recommend that other levels of theory and higher basis sets should be used to carry out the computations. Another molecular modelling tool can also be used to perform all the calculations and also to compute vibrational frequencies of the molecules. Comparison should be made with this work.
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